Allometric growth analysis on chelae dimensions vs. carapace length (CL) was employed to estimate average size at the onset of morphometric maturity (5 puberty molt) and sexual dimorphism regarding the pair of chelae in Aegla franca. Males attain morphometric maturity (12.15 mm of CL) at a larger size than females (10.93 mm of CL). After the puberty molt, an additional change in the allometry level regarding chelae dimensions was detected in adult males (average CL 5 19.00 mm). As a result, two sequential morphotype groups of adult males, herein designated as morphotype I and morphotype II, were recognized according to the state of development of the pair of claws. We postulate that the second change in this allometry level is related to functional maturity in this sex, based on the following observations: 1) temporal variation in the proportion between the two morphotype groups reveals that morphotype II individuals make up most of adult males in the population at the beginning of the seasonal reproductive period of the species, and 2) morphotype II males show a more robust pair of claws as compared to the predecessor morphotype, which might represent an advantageous trait in reproductive competition. Males and females of Aegla franca are heterochelous with handedness preponderance of the left chela. Claw size is a distinct dimorphic trait in this species, being significantly larger in male specimens.
INTRODUCTION
The genus Aegla Leach, 1820 comprises over 60 described species with distributions restricted to temperate and subtropical South America (Martin and Abele, 1988; Bond-Buckup and Buckup, 1994) . Aegla is the only taxon of Anomura entirely restricted to freshwater environments, although the fossil record (Feldmann, 1984; Feldmann et al., 1998) suggests a marine origin of the family Aeglidae Dana, 1852. Populations of Aegla franca Schmitt, 1942 have been reported from a few number of streams in south-eastern Brazil (S 20u189; W 47u169), and these locations represent the northernmost geographic distributional limit for the genus . So far, published data regarding biological aspects of this species are limited to the morphological description of the newly-hatched juvenile (Francisco et al., 2007) , the estimation of the population size by mark-recapture technique , the pattern of reproduction, as well as the determination of the average size at the onset of functional maturity in females (Bueno and Shimizu, 2008) .
Allometric growth analysis describes the change in size of a body structure in relation to another morphometric dimension taken as a reference measure, as a result of differential growth rate between them (see Hartnoll, 1978 Hartnoll, , 1982 Hartnoll, , 1985 . Such analysis has been employed as a useful tool in the determination of morphometric maturity in decapod crustaceans, since the transition from the juvenile stage to adulthood is usually marked by a puberty molt, at which time a significant change in the allometric growth rate of some body structures can be observed (Hartnoll, 1978) .
In such studies, measurements of certain structures, such as the chelipeds, have been employed as dependent variables against a selected carapace dimension (independent variable) in many decapod crustaceans (Nagamine and Knight, 1980; Rodrigues, 1985; Pinheiro and Fransozo, 1993, 1998; López-Greco and Rodríguez, 1999; Sampedro et al., 1999; Goshima et al., 2000; Mantelatto and Martinelli, 2001; Flores, et al., 2002; Fransozo et al., 2003b; Negreiros-Fransozo et al., 2003; Castiglioni and Negreiros-Fransozo, 2004; Moraes-Riodades and Valenti, 2004; Mantel and Dudgeon, 2005; Mura et al., 2005; Biagi and Mantelatto, 2006) . Similar studies are also available for a couple of aeglids. Viau et al. (2006) considered the dimensions (length, height and width) of both chelae of the first pair of pereiopods to determine the size at the onset of morphometric maturity in Aegla uruguayana Schmitt, 1942 . Colpo et al. (2005 used the cheliped length to establish the size at puberty molt in males in Aegla longirostris Bond- Buckup and Buckup, 1994. However, Ringuelet (1948) pointed out that dimensions of the chelae are more informative than dimension of the whole cheliped in biometric analysis of aeglids.
In this paper, allometric (5 relative) growth analysis is employed on dimensions associated with the pair of chelae of the first pereiopod to determine the average size at the onset of morphometric maturity and to investigate sexual dimorphism in males and females of Aegla franca. This analysis also provided evidence concerning chelae dimor-phism in adult male, leading to the appearance of specimens exhibiting larger and more robust pair of chelae in the population. We postulate that such chelae dimorphism is related to functional maturity in adult males. Additional information regarding the heterochelous condition and handedness of the first pair of chelipeds in each sex is also provided.
MATERIAL AND METHODS
Study site, sampling procedure and field data The area of study comprised a 120-meter long section of the Barro Preto stream (20u189470S; 47u169370W), Claraval county, State of Minas Gerais, Brazil. Specimens of Aegla franca were sampled monthly (from January 2004 to February 2005 with the aid of baited traps as described in Bueno et al. (2007) .
Sex was easily recognized by the position of the gonopore openings and/ or by the presence (females) and absence (males) of pleopods (Martin and Abele, 1988) . Carapace length (CL), rostrum excluded, was measured from the orbital sinus to the mid-posterior border, behind the areolar area. Carapace length with rostrum included (CLR) was also taken and was measured from the tip of rostrum to the mid-posterior border of carapace. The relationship between the two carapace dimensions was described by the linear function equations, CLR 5 1.11962CL 2 0.4316 (r 2 5 0.96) for adult females (Bueno and Shimizu, 2008) and CLR 5 1.1429CL + 0.5146 (r 2 5 0.97) for adult males. These equations were employed to allow comparisons of the results of the present study with those of other studies in which measurement of CLR was adopted. Dimensions measured on both major and minor claws of the first pair of pereopods included propodus length (PL), measured from the outer angle of the proximal border to the distal end of the fixed finger, and propodus height (PH) as the largest transversal dimension as measured from the midpoint of the palmar crest border to the opposite border of the manus. All measurements were taken with the aid of a digital caliper to the nearest 0.01 mm, except in specimens with CL smaller than 8 mm, in which cases measurements were taken to the nearest 0.1 mm with the aid of a calibrated ocular scale adjusted to a Bausch and Lomb field dissecting scope. Except for the voucher material deposited in the Museu de Zoologia of the Universidade de São Paulo (MZUSP, lot # 17061), sampled specimens were returned alive to the stream soon after all measurements and all field observations were taken.
Data analysis
All relative growth analyses were based on the allometric equation y 5 ax b (y 5 chela dimension; x 5 CL; b 5 allometric growth coefficient; a 5 intercept on y axis) converted to the linear form by means of natural logarithm transformation (lny 5 lna + bx) (Hartnoll, 1978) . Specimens with injured chela or with regenerating or missing chelipeds were excluded from all analyses.
Procedures for separating data into juvenile and adult groups varied with sex. For female specimens, the non-hierarchical K-means clustering method (Legendre and Legendre, 1998) was applied on the bivariate ln[chela dimension] vs. lnCL data set. Discriminant analysis was then used to identify and reclassify any previously misclassified data (Legendre and Legendre, 1998) .
For male specimens, visual inspection of ln[chela dimension] vs. lnCL scatter plots indicated a marked increase in variability in the chela dimensions in specimens with lnCL $ 2.70 (CL $ 14.88 mm). This was expected, since similar sized large males with marked difference in dimensions of both claws (Fig. 1) had been observed during field work. Since no sign of regeneration was noted in these cases these observations suggested the existence of two groups of large males (5 dimorphism). Although all chela dimensions showed this pattern, it was particularly evident in the ln[minor claw PH] vs. lnCL plot in which a virtually distinct group of points was formed corresponding to lnCL values higher than 2.70 (see Fig. 2 in Results). Thus, prior to the classification of data points into juvenile and adult groups an attempt was made to separate data set concerning specimens with lnCL $ 2.70 into two groups by applying the K-means clustering method on the bivariate data set consisting of the standardized residuals of the ln[chela dimension] vs. lnCL regression (variable 1) and lnCL (variable 2). Discriminant analysis was subsequently used to re-allocate any misclassified data. After the group of points associated with the increase in variability of chela dimensions (morphotype II) had been identified and isolated (see results), all remaining data were used in the separation of points into juveniles and adults (morphotype I) by applying the same data treatment previously described for female specimens. Morphotype II were undoubtedly adult since the smallest specimen presented CL larger than the juvenile-morphotype I adults transition size (see results).
For each studied dimension, linear regression was applied to each of the data group distinguished by the K-means clustering/discriminant analysis procedure. Data with correspondent absolute values of the standardized residuals higher than 2.57 (p , 0.01) were regarded as outliers and were Fig. 2 . Aegla franca. Allometric growth of major and minor chelae in males. PL 5 propodus length; PH 5 propodus height; CL 5 carapace length. Triangles 5 juveniles; crosses 5 morphotype I adults; circles 5 morphotype II adults. Corresponding regression equations in Table 1. excluded from all subsequent analyses. Regression slopes (and elevations, when needed) were compared between juvenile and adult (morphotype I only for males) data groups with the appropriate Student's t-test (Zar, 1996) . The same procedure was adopted for comparisons between the data groups of the two adult male morphotypes.
The state of allometry of each chela dimension in each life stage was determined by testing the null hypothesis (H 0 ): b (5 slope of the allometric equation) 5 1.00 with the Student's t-test (Zar, 1996) . Whenever H 0 was rejected, growth was considered positively allometric (b . 1) or negatively allometric (0 , b , 1); when H 0 was not rejected, growth was considered isometric (see Hartnoll, 1978 Hartnoll, , 1982 Mantínez-Mayén et al., 2000) .
Whenever significant difference in regression parameters was detected between juveniles and adults, the size at the onset of morphometric maturity in each sex was determined for each analyzed dimension as the CL at which 50% of the sampled individuals were considered as adults. ] (Oh and Hartnoll, 1999; Oh et al., 2002) fitted to plots of proportion of adults (p) vs. CL classes (CLC) with the aid of the software CurveExpert, version 1.3 (Hyams, 2001 ). The same procedure was followed to obtain the size at the onset of morphotype II in males, using data concerning adult individuals only.
The heterochelous condition of the first pair of pereiopod in females and males (morphotypes treated separately) was tested with the non-parametric Wilcoxon test for paired samples (Zar, 1996) . Handedness, or laterality, was verified in adult specimens of each sex separately with the Yatescorrected goodness-of-fit chi-square test. Data of both male morphotypes were pooled for this latter procedure.
Sexual dimorphism was investigated in terms of body size and chela dimensions of adult specimens. Carapace length was compared between the sexes with the non-parametric Mann-Whitney test (Zar, 1996) . For chela dimensions, Student's t test (Zar, 1996) was used to compare regression parameters between morphotype I males (condition that immediately followed puberty molt) and adult females.
Statistical procedures were performed with Past (version 1.62) software (Hammer et al., 2001 ).
RESULTS
Relative growth of chelae in males All linear regression parameters and equations obtained for each recognized data groups are shown in Table 1 . Significant differences in slope between the three data groups were detected for all four claw variables analyzed (Table 2) . Thus, it was assumed that these groups represent sequential life stages with increasing level of allometry, regardless of the chelae variable considered (Fig. 2) . The first change is marked by a short transitional passage from the juvenile to the adult stage (5 puberty molt), and gives rise to morphotype I adult specimens. The more pronounced second change is marked by a large overlapping (Table 1 ). Figure 3 depicts the variation in proportion of both adult morphotypes in relation to CL classes and indicates that proportion of morphotype II tends to increase with body size. The adult morphotype I comprised 100% of individuals in the 12 to 14 mm size classes. From thereafter, the proportion of this morphotype consistently decreases with size as adult II individuals become increasingly prevalent in higher classes (19.0-22.0 mm CL).
Of all chelae variables investigated, the PH of the minor claw was the one that showed the highest variation in the allometric growth coefficient value between adult morphotypes (Table 1) . For this reason, this variable was selected for the investigation of temporal variation in proportion between adult morphotypes. Figure 4 shows the temporal sequence of monthly ln[minor claw PH] vs. lnCL scatter plots for adult males. The proportion of morphotype II individuals increased from January to February 2004, almost making up the whole adult male samples in the following two months. The decline in proportion of morphotype II by May-July is due to the accretion of smaller sized morphotype I males from a new cohort that had already achieved morphometric maturity, and to the progressive decrease of adult II specimens till their complete disappearance by August-September, possibly due to mortality. The increasing proportion of morphotype II males sampled by October and afterwards is actually derived from individuals belonging to the new cohort. Thus, although no additional data regarding claw dimensions were collected after February 2005, there are strong indications (Fig. 4) that the occurrence of adult II individuals in the population is seasonal and extends from October to July in the following year, attaining the highest proportions (. 90%) in March-April (see also Fig. 7 ). Coexistence of both adult morphotypes was partial.
Relative growth of chelae in female specimens Scatter plots of ln [chelae dimension] vs. ln CL are shown in Fig. 5 . No claw dimorphism was observed in adult females. The linear regression parameters and equations of each recognized data groups are shown in Table 1 . Comparisons between the regression lines obtained for each data group of each claw dimension revealed significant difference in slopes for PH of both major and minor claws only ( Table 2) . As for PL, a significant difference in elevations (Y-intercept) was observed in the regression lines for the major claw. For these three claw variables, the two recognized groups of points were then attributed to the juvenile and the adult stages. In these cases, the data groups are separated by short transitional region associated with the occurrence of the puberty molt. Since no difference between the juvenile and adult regression lines was detected for PL of the minor claw a common regression line was calculated on all data points (Table 1 ).
All claw dimensions had positive allometric growth, even when the allometric coefficient was very close to 1.00, as in the case of the PL of the minor claw in pooled juveniles and adults (common b 5 1.0558; t 5 4.604; p , 0.001) and PH of the same claw in adults (b 5 1.0615; t 5 2.086; p 5 0.038). Whenever juveniles and adults stages were distinguishable, the values of the allometry coefficient (b) decreased with progression of life stage, as opposed to what has been observed along the sequential stages in male ontogeny (Table I) .
Average size at onset of morphometric maturity in males and females Table 3 shows the average size at the onset of morphometric maturity (5 puberty molt) obtained for each investigated variable. For males, the calculation was based on data pertaining to juveniles and morphotype I adults. All claw dimensions provided very close estimates, ranging from 12.03 mm to12.36 mm (13.04 mm-13.41 mm CLR). For females, the estimates obtained for each of the three chelae variables, for which the puberty molt was detected, the similarity was even more remarkable, with two of them being coincident (PH of both chelipeds: 10.94 mm CL, or 11.99 mm CLR), while the estimate for PL of the major cheliped differed only by 0.02 mm CL, which might be regarded as biologically identical to the former estimates. Considering the closeness of these results within each sex, we suggest the adoption of the mean of the estimated values obtained with the claw dimensions as the average size at the onset of maturity: 12.15 mm CL (14.40 mm CLR; n 5 4) and 10.93 mm CL (11.81 mm CLR; n 5 3) for males and females, respectively.
Average size at onset of adult II morphotype in males Employing the PH of the minor claw dataset (the variable that provided the clearest distinction of the two morphotypes), the CL size at which 50% of the adult males were recognized as belonging to morphotype II was estimated as 19.00 mm CL (22.23 mm CLR). 
Sexual dimorphism
Carapace length (CL) ranged from 5.00 mm to 21.97 mm in males (n 5 821; mean 6 SD 5 14.60 mm 6 3.58 mm) and from 5.30 mm to 17.98 mm in females (n 5 310; mean 6 s.d 5 12.26 mm 6 2.89 mm). Males were larger than females (Mann-Whitney test: U 5 75736.5; p , 0.01). Both major and minor chelae were strongly dimorphic with sex regardless of the dimension considered (Table 4) . For any shared size of CL, correspondent chelae are larger Fig. 5 . Aegla franca. Allometric growth of major and minor chelae in females. PL 5 propodus length; PH 5 propodus height; CL 5 carapace length. Triangles 5 juveniles; crosses 5 adults, except PL of minor claw for which triangles 5 juveniles and adults. Corresponding regression equations in Table 1. and more robust in morphotype I male than in females (Fig. 6) , as indicated by the higher allometric growth coefficient in this life stage (Table 1 ). In the case of PL of the minor chela in females, since no difference in the allometric growth coefficient between the juvenile and adult phases were detected, the mean value of maturity size obtained for the other three chelae dimensions (CL 5 10.93 mm) was considered to identify the adult female data. The regression (y 5 1.0396x 2 0.6901; r 2 5 0.89; n 5 199) was then confronted against correspondent morphotype I adult male allometric equation from Table I , and the corresponding scatter plot is included in Fig. 6 .
DISCUSSION
The heterochelous condition of the first pair of pereiopods in aeglids has long caught the attention of some investigators (Schmitt, 1942; Bahamonde and López, 1961; Burns, 1972) . As a general rule, Schmitt (1942) reported that both major and minor claws could be recognized in both sexes and that the left claw was usually larger than the right one. Although the heterochelous condition of the chelipeds may be noticeable in late juveniles, it is in the adult specimens that this condition becomes more conspicuous in both sexes, being more pronounced in males. Besides Aegla franca, other examples of heterochelous aeglids with handedness preponderance of the left chela are reported in Aegla laevis laevis (Latreille, 1818) , A. paulensis Schmitt, 1942 . A. perobae Hebling and Rodrigues, 1977 and A. uruguayana Schmitt, 1942 (Bahamonde and López, 1961 López,1965; Rodrigues and Hebling, 1978; Viau et al., 2006) . Conversely, the isochelous condition in both sexes has been reported in Aegla platensis Schmitt, 1942 and Aegla leptodactyla Buckup and Rossi, 1977 (Bueno et al., 2000; Noro and Buckup, 2003) .
Claw size is a distinct sexual dimorphic trait in Aegla franca and in other aeglid species (see Bahamonde and López, 1961; López, 1965; Colpo et al., 2005; Viau et al., 2006) , and is the result of a differential growth rate of the correspondent major and minor claws between sexes. On this subject regarding the aeglids, Schmitt (1942: 446) pointed out that ''In Aegla, the female … is definitely the weaker sex, and, even if attaining as large a size, it is never so distinctively developed specifically as the corresponding male. This is particularly true of the hands, or chelae.'' Males larger than females is a common dimorphic trait in pleocyemate decapods since females divert significant amount of energy to reproductive functions and do not molt during egg incubation, while males may continually allocate energy for growth increment. Aegla franca as well as other aeglid species follow this general pattern (see Bahamonde and López, 1961; López, 1965; Rodrigues and Hebling, 1978; Swiech-Ayoub and Masunari, 2001; Fransozo et al., 2003a; Colpo et al., 2005; Gonçalves et al., 2006) .
All chelae variables investigated in the present study proved adequate in separating life stage groups and in providing very similar and accurate values concerning the determination of the size at puberty molt for each sex in Aegla franca except the propodus length of the minor claw in females. In Aegla uruguayana, Viau et al. (2006) reported that the length of the left chela in females, and the length of both chelae in males were the only claw variables that proved adequate in separating data into juvenile and adult groups. In the present paper, chelae data were grouped as major and minor claws instead of grouping them as left and right ones. Following this procedure is here suggested to avoid biased data that could otherwise be introduced as a result of handedness interference should the left-and-right-chelae criterion be chosen instead.
In Aegla franca, the average size at the onset of morphometric maturity differed with sex, being larger in males than in females. Similar condition has been reported for Aegla castro Schmitt, 1942, A. longirostri and A. uruguayana (Swiech-Ayoub and Masunari, 2001; Colpo et al., 2005; Viau et al., 2006) . However, the results obtained in this study indicate that neither males nor female individuals of Aegla franca mate upon reaching morphometric maturity, since functional maturity, attained when an individual is fully mature, and can actually reproduce and transfer genetic information to the next generation (see López-Greco and Rodríguez, 1999 for review on sexual maturity in decapods), occurs later on after the puberty molt. Based on the observation of definitive reproductive traits (late ovarian development, ovigerous or post-ovigerous conditions) in females of this species, Bueno and Shimizu (2008) estimated the average size at functional maturity in this sex as 12.75 mm of CL (13.84 mm of CLR), a larger size than that of morphometric maturity (10.93 mm CL or 11.81 mm CLR). [Authors' note: in Bueno and Shimizu (2008) , CL measurement was also taken from the orbital sinus to mid-posterior border and not from the extraorbital sinus as was inadvertently mentioned]. Full ovarian maturation was complete by April at the beginning of the reproductive period (Bueno and Shimizu, 2008) , at approximately 21 months of age. The attainment of morphometric maturity at a smaller body size than at functional maturity was also reported for A. uruguayana (Viau et al., 2006) . The criteria to establish size at the onset of functional maturity by these authors were the minimum size of ovigerous female and presence of spermatozoa in the vas deferens in males (5 gonadal maturity). In males of Aegla franca, we postulate that morphotypes I and II represent sequential phases in the adult ontogenetic development. Thus, the functional maturity is achieved when the individual goes through a second change in the allometry level regarding claw dimensions and become a morphotype II male, and acquires a more robust chelae than those of the morphotype I males. In populational terms, the average size at the onset of functional maturity in this sex was 19.00 mm of CL (22.23 mm CLR), which is substantially larger than the juvenile-morphotype I transition size (12.15 mm CL or 14.40 mm CLR). Strong evidence that supports this hypothesis is the increase in Fig. 6 . Aegla franca. Sexual dimorphism in major and minor chelae dimensions. PL 5 propodus length; PH 5 propodus height; CL 5 carapace length. Circles 5 morphotype I males; crosses 5 females. Corresponding regression equations in Table 1 , except the equation for propodus length in adult females: y 5 1.0396x 2 0.6901(see results for more information).
proportion of morphotype II males in the population towards the mating season. The proportions of male morphotype II are plotted against the sampling months ( Fig. 7) along with proportions of females exhibiting either late ovarian development or incubating eggs (data from Bueno and Shimizu, 2008) and show clearly that the occurrence of morphotype II males is synchronous to the late ovarian development of females (indicating full maturity of these latter individuals): proportions of both characters increase in the February-April to over 80% and decline in the subsequent months, followed by the appearance of ovigerous females. Reinforcing this evidence, monthly values of morphotype II adult males proportion were positively correlated (Spearman r S 5 0.7564; p 5 0.002; n 5 14) to those of proportion of females showing well developed ovaries in the pleon.
The increase in claw dimensions in adult males of decapods has been frequently associated with agonistic and/or reproductive behaviors (see Mariappan, 2000 for an overview on decapod chelipeds). In Aegla franca, it is most likely that only morphotype II males are involved in agonistic/sexual competition during mating season. Still, body size of morphotype II males varies considerably within the population (scatter plot in Fig. 2) , and consequently the same applies to chelae sizes. Individuals exhibiting larger and more robust chelae may have an advantage over less competitive males, and thus a higher probability of mating success with sexually receptive females.
Although several reports on sexual dimorphism associated with the cheliped in decapods are available in the scientific literature (see Mariappan et al., 2000 , for review), information on chelae dimorphism in adult male specimens is very limited. Besides the first report in aeglids presented in this paper, chelae dimorphism in adult males has also been documented in populations of thalassinid shrimps (Rodrigues, 1985) . In some palaemonid prawns of the genus Macrobrachium, more than two chelae morphotypes (5 polymorphism) have been reported in some species and distributed in a dominance sequence of co-existing individuals differing according to actual reproductive success (Ra'anan and Cohen, 1985; Kuris et al., 1987; Ra'anan et al., 1991; Karplus et al., 2000; Ismael and New, 2000; Correa et al., 2000; Correa et al., 2003; MoraesRiodades and Valenti, 2004) .
In aeglids, the use of the major chela by males for defending females from other males has been reported in A. uruguayana (Viau et al., 2006) . As a general trend in heterochelous decapod species, reproductive activities are associated with the major chela, while non-sexual activities, such as food capturing and manipulation, or grooming are usually associated with the minor claw (Mariappan, 2000) . However, in Aegla franca, the observed increase in the allometry level was not restricted to the major claw. On the contrary, the largest increment of the allometric level between adult male morphotypes was actually observed in the PH of the minor claw. This suggests that an important role in male reproductive behavior might as well be played by the minor claw. Further studies on mating behavior in aeglids would be valuable to clarify this matter.
Recently, Viau et al. (2006) recognised three stages in males of A. uruguayana, based on the change in length and angle of the sexual tube on the pair of the fifth pereiopods with respect to orientation of the coxa. According to the authors, stage I corresponded to the juveniles; stage II corresponded to males acquiring sexual maturity (range 14 to 16 mm of CLR) and stage III included adult or sexually mature males with CLR higher than 16 mm. However, a possible correspondence of the two latter stages as described for Aegla uruguayana with morphotypes I and II in adult males of Aegla franca remains to be investigated.
